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Research on Failure Precursor of Water-Soaked Coal-Rock Based on Acoustic Emission Dominant Signals Screening
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Abstract: To address the problem that low-energy acoustic emission (AE) signals account for an excessively high proportion
during the fracture process of water-soaked coal-rock, high-energy critical information to be easily masked, resulting in
insufficient accuracy in failure precursor identification, synchronous uniaxial compression and acoustic emission tests were
conducted on coal-rock specimens under natural conditions and after 120 h of water-soaked. Based on the energy contribution
rate and damage stress, a novel AE signal screening method was developed to extract dominant signals during coal-rock failure
and investigate their precursory characteristics. The results show that water-soaked significantly decreases the uniaxial
compressive strength of coal-rock. Compared with specimens under natural conditions. the average uniaxial compressive
strength of water-soaked coal-rock decreases by 14.79%. Cracks exhibite multidirectional propagation behavior, thereby
aggravating the final failure of the coal-rock. The cumulative AE count of coal-rock specimens under natural conditions reach
4X10°, while that of water-soaked specimens decrease to 2X10°. Moreover, the evolution of the cumulative AE count shows
good agreement with the stress-strain behavior of the coal-rock. The AE dominant signal extraction method based on the energy

contribution rate and damage-stress time window effectively identifies dominant signals during the failure process of water-
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soaked coal-rock. Compared with coal-rock under natural conditions. the extracted dominant signals exhibite lower energy

thresholds but higher signal proportions. Furthermore, the extracted dominant signals show strong correspondence with the

failure precursors of water-soaked coal-rock. These findings provide a theoretical basis for engineering stability prediction.

Key words: Water-soaked coal-rock, Dominant signals screening, Precursory characteristy, Uniaxial compressive strength,

Acoustic emission ringing count
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Table 1 Test results of physical parameters of
coal-rock samples
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Fig.3 Stress-strain curves of coal-rock samples

P A R Y BB PR SR B UL SR 2. i3k 2
AR, AROIR A S B SF 3 Bk BT 55 R D 13,29
MPa. {2 7K 120 h 56 B 32 SR B0 TR 38 0 11.30
MPa. FEIRIE 14.97%.

®2 HEdERHRERENKER
Table 2 Test results of uniaxial compressive

strength of coal-rock samples
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Fig.6 Relationship between ring count, cumulative ring

count, stress and time of coal-rock during loading process
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Table 3 Screening results of acoustic emission signal
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Fig.8 Comparison and analysis of acoustic emission signals before and after extraction

4 it

P S R 5 R A3 B R IR RE S R IR Y
W . AR B F B B AL E S T AR
IR — EEAG 5
41 BESHEST

IVPAINEY - S weih R e Y R DL B
RUnE 9 fras. 9 alAnL R BUS B L5 S S
A B BB R A X ROC R R R AL B R S
AR SN N e | E= SR SR & i b
U BTS2 9 2 B BEASAIE . B9 RE il 2 U e e 1
ARG R R R e AU B R s B M. 1
AR E W LT B, R e B PR RE B0 e XU R
ik, X — 5 B R T8 AL AT AR S S8 AT IR B B B

E A WF RS, RE A 25 4 A 7 -5 L R 1
RE I R MCRFAE SR AR G . BB B A R A 5 I R AR

FI N 3 AR R BE T TR & ROB IR ik
B B AR BRI B M R R RE AR S Y
B B R A ROt e R i R 2 B2 G R R
AR SCHR IR P A S < R RE A 2 [ R 5 BB b
RFFIE S0 UE 7 5 Bk 1T LA 2800 2 H R K A
LIRS TH R G AT IR XS B B AL AE T

8 8 114
gl et A , 17 i
5 15515 16 =
PN . < . . 5 110
e : =
2 Fler - 1P xs g
=, E A {4 = &
4 fugt 4
X 0 e, i) i 16 R
T gl B0 560 580600 ' - 13 32 1=
™ Wi ' 3 &
= 2+ . e 49 ?BT.\', 14
. Se
'
1r it 41 12
0 e : : o o
0 200 400 600 800
B iE)/s

(a) CN1



136 & B 5 A 2026,46(6)
i 8 " 8 114
M 5 B 17 :
I —— N
gl i 17 qe . 1"
1 - / i P £ 6151 52 16 2 1o
6o 72l 6 "3 ~ =4 5211 o
~ 26 6240 = = 110 2 54 ' 15 — <
3 5183 55ls & 15 = = z [ S * 18 g
5 |53 N {8 & = 4 23 {421 2
ER SEl & - : x tE st |5 ~
x 4&;' . 13;;1 14 ml\ml R = 3_0500 650 700 B¢ <3§g'b =
= g %0 om0 s . 13 g2 16 4o 1 wis L
ﬂ@ WS - 1, @ ol s I
il wobd 12 ® 1 1 12
1t Asde 41 2
0 i L d 0 o 00 200 400 600 800 0 0
0 200 400 600 800 el
Py (f) CS3
H S
il G B9 A FEHRITHEHESUBESHRHEER
/ Fig.9 Screening results of stress, acoustic emission
s S 214 cumulative energy curves and dominant signal
- S 42 RHESEEREFTHH
_ Gl e A0T11° 2 o SRR 7S D B op L ) OB i (A
S R N
2 o wh 10X £ B WL GE AN 10 B . I 10 AT fE 4435
— 4_@2 239 |1 o 2 44 : 2 o . o
O ki ek Fr | m L B 5 U AT A8 5 S T IR Y B s B X L i )
~ 3} 700 750 800 850 o> Y 413 nng =
- 23 1° £, S0 7 4 S PO B 6 O 0 L 2 14 0 2
~ L il IMEREE 548 s B B U H4 BUUGE (491 % 5825, S 0.85
1 o | K 11 1
I : , o b kHz, Bl J5 75 AP 5300 s N4 2 562 s I, e (R0
0 20004000600 800 R I 3.99 kHz, XN 0 7 Sy W {1 )
Bl (1 72.07 %0 BEA RGBT 2% I = 578 s
(c) ON3 NN 8 I 8 RS 1 B e v I 3
. Lo — LI G E I S R AR
—;—EEEE
T SRR _ 17 Aqe 2F le
634 N e 16 3 | o} — HEEE
% 1l Ex;/"'.}‘ ;%;u i £ 10 )
Sl e 0 o 1o ] X 1 5
z t&d Al &1 = g ° -
;‘ 4 R e 15 14 2 R & 6l i
- . QGO 500 640 680 | ! E@ 16 i 'E‘ =
ﬂll\lﬂﬂ 3 Bffl/s 13 = = g
89 o o 14 ar 12
m 2 12 Bk
. 2t
1 i1 2
. A 2 ] 0 L n L . L 0
00 200 100 600 300 0 0 0 100 200 300 4;);)[;20 600 700 800 900
Bt E)/s (a) B, WEMRSH AR R
(d) CS1 lg
114
e, i
U= 112 g 8f 1, &
6 f3ep ilod = 410 R 6 &
5 sl =1 ﬁ e
£ Rl o s & 4 ¥
:i 4.&&‘1-60()'(::0}“/0:0 ;50-;;0(81];; mlﬁ‘ 16 5 2r >
~ 3 WS &= e I_
mm + 0 L L Lo olll Ll o LA s Ay 0
# ol w14 550 600 650 700 750 800
B 18 /s
1k 12 (b) BEEKE
0 = g 40 1 SHE JEBES SR EN
5 5 i 500 A0 E10 BARSEEN N ABESEBEFRELHE
BHEls Fig.10 Evolution characteristics of stress and peak frequency

(e) CS2

of dominant signals in natural-state coal-rock



FEREFRATFAFRBEZ T HENZAREERIRTRIR[]] 7 LBFE S FFL.2026,46(6). 137

BRI N 7 D6 34 5 W8 00 % 3 Ak e AiE
Bl 11 . M 11 Hraf DA 1 B KA Ik =
537.98 s B, 1 UM B UG A 3R 54 L 3K 0.79 kHz;
B IS 3 AT # P 0 3 G I #k & 597.28
s BF 7 VRS- S 3 45 0 b s 2 8 g A WA R ) Y
88.61%.

12
—— N H 16

=
B35 % /kHz

L
Do

L

0 l(;() 2(‘)0 3(30 4(‘)0 5(‘)0 600 7(‘)0 80(?
Bt /s
(a) BiJ1. IEESR R SEE R X R

2F 5 ' 16
ol — HiEE

R F1/MPa
U35 22/ Hz

550 600 650
Bt /s
(b) BEBKE
B 11 BAKEEEN ABESEEREREFLSE
Fig.11

Evolution characteristics of stress and peak frequency

of dominant signals in water-soaked coal-rock

L LB IR A 3545 5 I R 5 F) 5% 1 45 1L )
i 2 3 5125, AT 40 0 52 B0 T O S T
WZSR Z R IUE . X —MERD], SRSk Bk
RS M R A, UL UE T B B BTk R O 2k U7
TEAE S BRI A AR IR AT IR AR P A At

5 %t

(D BAKMERT A T2 veie 3 4 1k # 1L
SRR S 25 L 12 KM 3 SF 18 PR Bl 0 o B IR
14.79 %0 » 480 | 75 0] 01 52 2% o W IR 1A o O
A R TR G M SR R A

(2) PEAIRB BRI ad 5 v 25 s 3 22 4 0
{E, b e {1 B B2 AR X 7 80 40 AT A S A SRR S S i
KL 5 2R BRI 0 0L R AIE 5 F Bl R 4 e R b, R
REBEA I R AE HHEGR R 4 X 10° K, M= K4

R AE JHEREE 2X10° R, ARSI A1
Fit AE R m TR A, Bt AE il
R B8 18 T — oA i 2 BLAT B Y — B

(3) FETRE R TUAR A 5400 13 N7 g B [ 18 11 A 2

8 7 A ST AG AR 5 4 WUV  RE 8 AT A% JBUIE 1

ZUS R O M A AR S, ARSI

RS i AR R R R I ZITE 700~800 s Z [,

T35 A B S 75 252 5 vy E B 1 5 4 v M O I T 42 i &2

600 s Zifa AL HAE 5 A8 & (B A L A0 15 5 B

i FO S R, R MR K A F R AIR 1 B S0 B0 RE R

JBC ENEE I Y OB AR ik AR L A G BE R R GHE S

B,

(4) PEHAE 5 1Y BE 1 3 AL 25 | 0 0 01 3 5 08

S5 N T R R A5 AT B R N . BR AR R M 2k R BB

BEIR T, EOULEGUE T RE B 5T Hk 3 07 5% U7 5 AE B BR

WP B S AR IR AR S 00 A RE . IS AE R T

AR R 0 4 AR B AR A

2 % LK (References) :

(1] RARZRBOG. IhIR, AR 50 45 0 F W30 48 IS Al
KA EAEFAE L] 8 A 1% 5 TR 24, 2014, 33 (3 7]
1):3231-3237.
Zhu Shuyun. Song Shuguang, Sun Qiang, et al.
Characteristics of interaction process between deep rock of
lower coal seam floor and water under different test
conditions [ ] ]. Chinese Journal of Rock Mechanics and
Engineering,2014,33(Suppl.1) :3231-3237.

[2] RV X% RIEA, B R FE A B2 4 B 0y 75 & 5T

JFH0 50 8 HR AR K 8 BF 5 [ ], & £ 14, 2012, 33 (12):
3561-3569.
Wu Xianzhen, Liu Xiangxin, Liang Zhengzhao, et al.
Experimental study of fractal dimension of AE serials of
different rocks under uniaxial compression[]]. Rock and Soil
Mechanics,2012,33(12) :3561-3569.

[3] Ju Jinfeng, Li Quansheng, Xu Jialin, et al. Self-healing
effect of water-conducting fractures due to water-rock
interactions in undermined rock strata and its mechanisms
[J]. Bulletin of Engineering Geology and the Environment.,
2020,79(1):287-297.

[4] BXRh A 25 14 10 BT D) ) 2 4 P 1o B8O A 00T 5 () 0L e
AR 2021,49(12) :89-95.

Zhao Ke. Numerical simulation of shear mechanical
properties of coal structural plane[ ]J]. Coal Science and
Technology,2021,49(12) :89-95.

[5] #5330 KR A oo B A A i 5 [ 0. B v 4 ¢
2021,40(2):6-9+18.

Yang Duo, Wang Wencai. Study on strength change of
water-immersed coal and rock mass[J]. Shaanxi Coal,2021,

40(2) :6-9+18.



138 g LR L5 A 2026,46(6)
[6] R5h R .M. 558 FIE KA T A0 &2 [14]  ERIT2=mk X o1 &, 55 5 0R B 5475 K I Y 030 1% e 1F BF
PS5 A MR LT M 25 ) 5 TR 24l 2024, 20 ) D) FELI B4R, 2004(3) : 289-292.
84-93. Wang Enyuan, He Xueqiu, Liu Zhentang, et al. Study on
Wu Baoyang, Song Jiahui, Li Peng, et al. Damage and frequency spectrum characteristics of acoustic emission in
mechanical property deterioration of coal rocks under coal or rock deformation and fracture[ J]. Journal of China
different water flooding[ J]. Chinese Journal of Underground Coal Society,2004(3):289-292.
Space and Engineering.2024.20(Suppl.1) :84-93. (150 SkHo o, S XURE 28 L 46 3 F 75 R 1 135 5 3 000 10 11
D71 ik B 1 A P R 00 AR % R BRSE (D). 7% . 7 BRI BRI ). 5 12 5 TR 2015, 34 (g
LR R, 2019. 1 1):2959-2967.
Xu Da. Experimental study on mechanical properties of Zhang Yanbo, Liang Peng, Liu Xiangxin, et al.
infiltrated coal and its constitutive relation[ D]. Xi’an: Xi’an Experimental study on precursor of rock burst based on
University of Science and Technology,2019. acoustic emission signal dominant-frequency and entropy[ J].
[8]  MBfR. B KI5 1k S I BE 453 405 1 3 A 5 () ). R R 4 Chinese Journal of Rock Mechanics and Engineering, 2015,
A5, 2023,48(1):113-115. 34(Suppl.1) : 2959-2967.
Hao Jun. Experimental study on strength weakening and [16] kA P s T T e DTN
AN B A, A R = 4 05 IR R R I R
stiffness damage of water-immersed coal and rock [[]]. GELTT. R 3T 5 T R 22 4 L 2015, 23 (1) £ 127-135.
Energy Technology and Management,2023,48(1):113-115. Yang Yongjie, Wang Dechao. Li Bo. et al. Acoustic
=N 1 VR S A n R = R 7 e L. . . PO
Lo RNGREL BOMIOM T3 20 S5 00 A7 6 B0 0 4 s 2 emission characteristics of coal damage failure under triaxial
oA M T Y Ny = s N )
SERFPEBRIE L) )6 A1 0y 5 5 TR A ik, 2009, 28 G I DD compression[ J]. Journal of Basic Science and Engineering,
3234-3238. 2015,23(1) :127-135.
Liu Baoxian, Huang Jinglin, Wang Zeyun, et al. Study on . e i e e e
| N ¢ ol [17] AR BRAR AR XU HE B, A5 AN 7] 25 A 75 2 59 1 20 45 iy 552
damage evolution and acoustic emission character of coal- o . N e
R oE [T A K% %4k CH SRR % 0. 2008 (11):
rock under uniaxial compression[]J]. Chinese Journal of Rock
1633-1636.
Mechanics and Engineering,2009,28(Suppl.1) :3234-3238. i . . . .
N Zhao Xingdong, Chen Changhua. Liu Jianpo. et al.
[10] Feak, 2%, MR AR N AR T & T M a8 i fe it 5 . . .
Experimental study on AE activity characteristics of
R R SPARIE SR R IE (). 5 F H 2 5 TR 2 . 2013, 32
FHRATAEAE S g BT L) ). LR different rock samples [ J ]. Journal of Northeastern
(7):1315-1320. . . .
University (Natural Science) ,2008(11):1633-1636.
Yin Guangzhi, Qin Hu, Huang Gun. Experimental study of .
. . o . (18]  dRMENE, & £ - MR, 55 A8 IR 3 A7 T Kk 00 8 A 3R 75
characteristics of seepage and acoustic emission of gas-filled P . a8 Sy i sy
RKGTII A AWK MBI (1] 55 A 1% 5 TR m,
coal under different stress paths[J]. Chinese Journal of Rock ’ - -
. . . 2004(21):3621-3628.
Mechanics and Engineering,2013,32(7) :1315-1320. o _ . )
CUUT b 2 e T 2 2 75 25 S5 G 5 e B 0k Zhang Huihui, Yan Yuding, Yu Huaizhong, et al. Acoustic
(5 EPEAE [T TR 2018,50(12) £ 86.89 emission experimental research on large-scaled rock failure
ﬁal_“\ ﬁ 0‘ Y E s 75 H ~O0J.
. . o under cycling load: fracture precursor of rock[]]. Chinese
Li Yang, Yuan Anying. Research on A-E characteristic
. . Journal of Rock Mechanics and Engineering, 2004 (21) .
parameters and damage precursor information of coal and
. . . N . . 3621-3628.
rock mass with different lithology [ J]. Coal Engineering,
2018,50(12):86-89 C190 MR , XU , 6 48 T o 45003 8 I ek R 75 2 9k o S g
[12) 80T B XIS , 254 45, S8l 5 S0 4 R 4 BERPAEITBTLYL AR 2011, 28(5) 4801,
Fe R GE [) ] M F 25 5 TR 22 4, 2023, 19 (6) Zhang Huihui, Liu Feng, Chang Fuqing. Experimental
1769-1781 study of acoustic emission characteristics during rock failure
Hu Qianting, Liu Ronghui, Li Quangui, et al. Acoustic process and energy properties[J]. Journal of Highway and
emission characteristics stucty of typical coal rock failure Transportation Research and Development, 2011, 28 (3):
under uniaxial compression [ J ]. Chinese Journal of 48-54.
Underground Space and Engineering, 2023, 19 (6 ). [20] P oK AR L, AL TR0 L 55 o2 T A 08 35 40 ) 5 5 74 k4
1769-1781. FHAE R R B 5E ). 4 R 1, 2017(2) - 7-13.
it 3 Dk AT L At Y SR e Tl 20 S AR A A Sun Qingpei, Zhang Zhizhen, Du Leiming. et al. Effect of
(18] Whle &, Fl, EWRAR &5 M v ol @ 35 1 ik 04 28839 Ak 48 i 2%
BRI ] 1% 5 T A28, 2022.41(7)  1440-1452. bedding angle on mechanical and acoustic emission
Feng Longfei, Wang Hao. Wang Xiaodong. et al. Micro- characteristics of layered rock[J]. Metal Mine, 2017 (2)
fracture evolution characteristics and precursor identification 7-13.
of coal impact failure[J]. Journal of Rock Mechanics and [21] ZERCAM BN, Bk, 5. 0 Z A AR el A &

Engineering,2022,41(7) ;1440-1452.

SEE )] 5 A J1% 5 TR 2], 2004(15) :2499-2503,



ol FRT AR SATT F ik e iR AR S BRI LT )5 LA 5 - K ,2026,46(6). 139

[22]

[23]

[24]

[25]

[26]

Li Shulin, Yin Xian’gang, Wang Yongjia, et al. Studies on
acoustic emission characteristics of uniaxial compressive rock
failure [ J J. of Rock Mechanics and
Engineering,2004(15) :2499-2503.

20U LR R = R 6 R AR A R R R R H
kR ML) A A %5 TR %R, 2015, 34 (1),
694-702.

Chinese Journal

Ji Hongguang, Lu Xiang. Study on acoustic emission
characteristics of granite and its main f{racture precursor
information under conventional triaxial compression [ ] ].
Journal of Rock Mechanics and Engineering, 2015, 34 (4) ;
694-702.

A A AT KR A BV 0 o S R AR R A
WFFELT ]+ TR AR, 2015, 37(5) . 802-811.

Huang Yanhua, Yang Shengqi. Quasi-static loading strain
rate effects on saturated limestone based on Brazilian
test [ ] .
Engineering,2015,37(5) :802-811.

XS X L B L S5 R [RDRL AR A 59 5 W7 24 ) 2247 o &
PR FHERTFE )] 545 1717, 2016, 37(8) : 2313-2320.

Deng Chaofu, Liu Jianfeng, Chen Liang. et al. Fracture

splitting Chinese Journal of Geotechnical

mechanical behaviors and acoustic emission characteristics of
Beishan granites with different particle sizes[ J]. Rock and
Soil Mechanics,2016,37(8):2313-2320.

AT ERE BRI 45 ) L 7 (% A R B 7 R A IR
i IR B IR AT 52 ()], 55 & TR 244 . 2016.38(7) : 1193-1201.
Cong Yu, Feng Xiating, Zheng Yingren, et al.
Experimental study on acoustic emission failure precursors
of marble under different stress paths[J]. Chinese Journal of
Geotechnical Engineering,2016,38(7):1193-1201.

FEST ) VRUL TG PY A5 A 59 U AR IR B4 S0 1k R AE 5 AL
BrlI] 8 A 1% 5 TR %R . 2015, 34 (1) :31-39,

Cheng Lichao, Xu Jiang, Feng Dan, et al. Quantitative
analysis of crack evolution characteristics of rock shear

failure [ J ]. Chinese Journal of Rock Mechanics and
Engineering,2015,34(1) :31-39.

[27]

[28]

[29]

[30]

[31]

[32]

WA R BG X TR, D, 45 S [R) 7 g 8% A2 T A M a0 1 A R O
REAEBF R0 ].8 A J1 % 5 TR 4R, 2016, 35(9) : 1792-1804.
Chen Guoqging, Zhao Cong, Liu Hui, et al. Acoustic
emission characteristics of rock bridge test under different
stress paths [ ] ]. Chinese Journal of Rock Mechanics and
Engineering,2016,35(9) :1792-1804.

ZETUME, RS, AR S AR A B e RS b
By ARAE W 52 () 1. 4 4 J1 2%, 2009, 30 (9) : 2559-2563 +
2574.

Li Yuanhui, Liu Jianpo, Zhao Xingdong, et al. Study on b-
value and fractal dimension of acoustic emission during rock
failure process[ J]. Rock and Soil Mechanics, 2009, 30(9) ;
2559-2563+2574.

THE AR, DR R F A B R R R R - R S
FRAE 5 BEAR LI LT 56 22 41, 2019, 44(10) : 2999-3011.
Ding Xin, Xiao

Xiaochun, Lyu Xiangfeng, et al.

Characteristics and evolution mechanism of acoustic
emission time-frequency signal during coal failure process
[J]. Journal of China Coal Society,2019,44(10):2999-3011.
ER -, R, S S A G R - B
5 I BURRAE W FE 1] 85 B 2 1R, 2018, 46(10) : 90-98.
Wang Gang, Pan Yishan, Li Zhonghua, et al. Study on
time-frequency characteristics of acoustic-charge signals in
fracture and crack evolution process of coal and rock[]].
Coal Science and Technology,2018,46(10) :90-98.

KT K T BT KR R S TR R AR B AE 5 IR B B S
[DL AR i ™l K%, 2019,

Zhang Xin. Characteristics of hydraulic fracturing induced

i

3

AE waveforms and signal detection [ D]. Xuzhou: China
University of Science and Technology,2019.

BERE X R 8%, A5 O R AR TR ME A B A ke S AR
BALRRAEL] ]2 £ TR 2R, 2021, 43 F) 1) . 241-245.
Xue Yi, Liu Jia, Liang Xin, et al. Nonlinear evolution
characteristics of acoustic emission and fracture mechanism
of coal under gas pressure [ J]. Journal of Geotechnical

Engineering,2021,43(Suppl.1) : 241-245.



